Little information is available relating the extent of coronary atherosclerosis and myocardial infarct size measured at autopsy to clinical information. We correlated data from 85 patients who died 1 day to 6 months after a myocardial infarction. Of 70 patients who had coronary artery analysis at the time of autopsy, 67 had significant (greater than 70%) occlusion of one or more major coronary arteries. The number of vessels with significant occlusion was not greater in patients with a history of hypertension, diabetes or lipid abnormalities, but patients with these risk factors died at a younger age. The extent of atherosclerosis did not correlate with functional or clinical class, length of survival, or heart weight at autopsy. Almost all patients (84%) with a clinical history of two or more infarctions had two or more vessels with greater than 70% occlusion.
SUMMARY Little information is available relating the extent of coronary atherosclerosis and myocardial infarct size measured at autopsy to clinical information. We correlated data from 85 patients who died 1 day to 6 months after a myocardial infarction. Of 70 patients who had coronary artery analysis at the time of autopsy, 67 had significant (greater than 70%) occlusion of one or more major coronary arteries. The number of vessels with significant occlusion was not greater in patients with a history of hypertension, diabetes or lipid abnormalities, but patients with these risk factors died at a younger age. The extent of atherosclerosis did not correlate with functional or clinical class, length of survival, or heart weight at autopsy. Almost all patients (84%) with a clinical history of two or more infarctions had two or more vessels with greater than 70% occlusion.
Gross and microscopic myocardial infarct size was measured at autopsy. There was an inverse relation between the percentages of old and new infarct. Total infarct size was related to the number of vessels with significant occlusion in the four major coronary arteries. The total percentage of old infarct was increased in patients with a history of prior myocardial infarction. Left ventricular and septal rupture occurred in patients with a significantly greater amount of recent necrosis, whereas patients with left ventricular aneurysm had more old myocardial infarct with a smaller amount of new necrosis.
We concluded that myocardial infarct size at autopsy is closely related to the number of vessels with greater than 70% occlusion. In addition, patients with a history of myocardial infarction or with left ventricular aneurysm have a greater extent of old infarct and total necrotic tissue than patients with only new infarcts, who more frequently die of left ventricular or septal rupture.
CAREFUL STUDY of hearts of patients who die after acute myocardial infarction provides valuable information on the pathogenesis and complications of coronary atherosclerosis. Analysis of postmortem data helps validate clinical diagnostic methods and identify areas where these methods are potentially inadequate or at variance with autopsy findings. The availability of patients with both standardized clinical and autopsy protocols in the Ischemic Heart Disease Specialized Center on Research (SCOR) program made possible the correlation of clinical and pathologic data in patients with myocardial infarction.
Methods

Patients
The study population was drawn from 327 patients admitted to the University of California at San Diego Medical Center with a diagnosis of myocardial infarc-tion. Patients were judged to have a definite myocardial infarction if at least two of the following criteria were present on admission: (1) classic history of prolonged chest pain, (2) classic evolutionary electrocardiographic changes of infarction, or (3) a characteristic pattern of serum enzyme elevation. Of the 327 patients, 85 died and were autopsied at the University Hospital or the San Diego Veterans Administration Hospital.
Clinical evaluation was performed by cardiologists who entered over 200 clinical variables relating to the history, physical examination, noninvasive studies, and initial hemodynamic variables for each patient into a computerized data base. All patients gave signed informed consent and received standard therapy for myocardial infarction, as well as additional diagnostic tests and therapeutic measures being investigated.
An autopsy protocol was developed in which over 30 entries were made into a computerized data form. Major emphasis was placed upon the accurate determination of myocardial infarct size and the extent and severity of coronary atherosclerosis. The protocol was similar to the one described by Hackel and Ratliff.' The heart was infiltrated with formalin, fixed and sectioned into 1-cm-thick slices from apex to base, resulting in five or six cross sections per heart. Infarct size was then outlined and a record made of the location and the extent of new and old infarct from gross features. Infarcts were considered new if their features were compatible with 2 weeks of age or less by conventional criteria.2 Tissue samples were taken from selected sites for histologic confirmation of the gross observations. The infarct size was planimetered using an electronic digitizer interfaced with a Hewlett-36 Packard 9825A computer. The computer was programmed to express the extent of infarct as a percentage of total ventricular weight.
Gross and histologic estimates of the extent of coronary atherosclerosis were made using standard techniques. All hearts with a measured infarct size also had postmortem angiograms using the technique of Hales and Carrington. Subsequently, histologic sections of the coronary arteries were taken according to the methods of Roberts and Buja4 for confirming extent and severity of coronary disease. Seventy of the 85 patients who were autopsied according to the standardized autopsy protocol had satisfactory postmortem coronary angiograms for determination of the severity of coronary artery lesions. The other 15 patients did not have detailed coronary artery evaluation. Data were analyzed by standard statistical methods, including chi-square analysis, analysis of variance and the t test.
Results Table 1 shows the autopsy findings of the patients in this series. Autopsies of 85 patients were performed according to a standardized autopsy protocol at the University of California at San Diego Hospital.
These patients died an average of 24 days after myocardial infarction (range 1-98 days). Complications of acute myocardial infarction included pericardial disease, aneurysm, rupture and thrombi. Fifteen patients had left ventricular or septal rupture. The incidence of left ventricular mural thrombus (36%) was substantial. Not all patients with aneurysms had mural thrombi. The location of the myocardial infarct noted at autopsy was scored in a left ventricle divided into five regions: septal, anterior, lateral, posterior and apical. Infarcts were scored in these regions whether or not they extended across the border between the two regions; thus, the number of infarcts exceeds 85 because of involvement of more than one wall with a single infarct as well as multiple locations within the same ventricle. The age of an infarct was graded histologically.2 Only one patient in this series had neither new nor old infarct documented at autopsy. This patient, who died of noncardiac causes, had a classic history of prolonged, severe chest pain, serial enzyme elevations consistent with infarction, a positive creatine kinase MB band on electrophoresis, and serial evolution of typical ECG findings in the lateral precordial leads. Of the 85 patients in this series, 16 (19%) had only old infarct and 23 (27%) had only new infarct. The other 46 patients (54%) had a combination of new and old infarct.
The location of old myocardial infarct was evenly distributed among the septum (31%), anterior wall (35%) and posterior wall (30%). The infarct location most frequently present in patients with new myocardial infarct was the septum (5 1%); the anterior wall was also frequently involved (45%). As in other series, the location of right ventricular infarct was primarily in the posterior and septal regions and was frequently associated with posterior myocardial infarct of the left ventricle.5 tTotal exceeds 13 because patients have infarcts that involve more than one wall or are at multiple locations. Figure 1 shows the distribution of patients classified according to the number of coronary arteries that had 70% or greater obstruction. Three of these patients had no coronary arteries with significant lesions. In two patients there were multiple arteries involved, but the lesions were less than 50% occlusive. The third 37 VOL 63, No patient had a ventricular septal defect with diffuse atherosclerotic disease in all arteries but less than 50% occlusive. Two-vessel disease was the most common finding in patients with greater than 70% occlusion. The anatomic findings at autopsy are further delineated in figure 2, in which the extent of disease in the major coronary artery vessels is shown for the degree of obstruction. Only 30 of 70 patients (43%) with documented myocardial infarction had no involvement of the left main coronary artery ( fig for correlations with risk factors, selected conditions from the medical history and Killip classification on admnission (table 2) . No significant difference in the extent of coronary disease involvement was noted in patients with a history of hypertension, congestive heart failure, diabetes mnellitus, hyperlipidemia, or Killip classification. Patients with a family history of myocardial infarction or a history of chronic obstructive lung disease or who were more than 20% overweight for sex and age had an increased extent of coronary vessel disease compared with those without these findings (p < 0.005). A history of angina did correlate with a difference in the extent of vessel involvement; however, the 28 patients with a history of two or more myocardial infarctions had more coronary arteries involved than the 42 patients without this history (p < 0.005). None of the three patients without a 70% occlusion of a vessel documented at autopsy had a prior history of myocardial infarction ( fig. 1 ). Four of 22 patients with significant one-vessel involvement had a prior history of myocardial infarction. Fourteen of 29 patients with two-vessel involvement and nine of 14 patients with three-vessel involvement had a prior history of myocardial infarction. One of the two patients with four-vessel involvement gave a history of previous myocardial infarction. Twentyfour of the 45 patients (53%) with two or more coronary arteries significantly involved, had a previous history of myocardial infaretion. Four of the patients (16%) with fewer than two vessels involved had a previous clinical history of myocardial infarction (p < 0.005).
Of the 70 patients, 52 were male and 18 were female; the extent of coronary artery disease did not relate to patient's sex. There was no difference in the incidence of coronary disease in the 27 patients younger than age 60 years compared with that in the 43 patients who were older than age 60 years. Table 3 shows the Killip classification for the patients in this series as stratified by number of coronary arteries involved. There is no apparent relationship between the Killip class and the extent of vessel involvement. Even when patients with two or more diseased vessels are compared with patients with fewer than two diseased vessels, there is no significant association between Killip class and vessel involvement.
The findings of coronary artery lesions at the autopsy were correlated with other autopsy findings. Fortyseven (67%) of the 70 patients with coronary artery analysis had an old myocardial infarct at postmortem examination, while 23 (33%o) did not. Thirty-seven (82%) of 45 patients with two or more vessels involved had evidence of a previous myocardial infarct, while only 10 of 25 patients (40%) with fewer than two vessels involved had such evidence (p < 0.001).
The extent of severe coronary artery lesions in the patients who had old myocardial infarctions was evaluated. One of two patients with four-vessel disease had an old myocardial infarct. Thirteen of 14 patients with three-vessel disease, 23 of 29 patients with twovessel disease, nine of 22 patients with one-vessel disease, and one of three patients with no vessels involved had prior myocardial infarctions. Thus, 37 of the 45 patients (82%) with two or more vessels involved had old myocardial infarct at autopsy, compared with 10 of 25 patients (40%) with less than two-vessel disease (p < 0.001). These data suggest a significant relationship between the number of vessels with significant occlusion and the presence of old myocardial infarct. Sixty-one of the 85 autopsied patients had an ECG diagnosis of infarct location at admission to the coronary care unit. Twelve patients had a diagnosis of anteroseptal myocardial infarction, and nine of these (75%) had a septal infarct at autopsy. However, 33 of the remaining 49 patients (67%) with no ECG diagnosis of septal infarct also had autopsy evidence of septal infarct. These data suggest that septal infarct is underdiagnosed using current ECG criteria for infarct localization. Thirty-five of 61 patients (57%) had a myocardial infarction diagnosed as anterior, anterolateral or anteroinferior. Thirty of these 35 patients (86%) had an infarct correctly correlated with location at autopsy; in addition, seven of the remaining 26 patients had anterior myocardial infarct at autopsy. Lateral myocardial infarctions were diagnosed clinically as anterolateral or true lateral in 11 of 61 patients. Five of these 1 1(46%) had a lateral myocardial infarct at autopsy; in addition, 20 of the remaining 50 patients (40%) with no lateral myocardial infarction by ECG had a lateral myocardial infarct at autopsy. Twenty-five of the 61 patients had an ECG diagnosis of inferior, posteroinferior, anteroinferior or true posterior myocardial infarction. In 19 of these 25 patients (76%), the ECG infarct location was confirmed at autopsy; however, 16 of the remaining 36 patients (44%) also had myocardial infarct in the posterior wall at autopsy. Sensitivity, specificity and predictive values of each location are given in table 4. These data suggest that using standard ECG criteria for infarct localization results in underdiagnosis of septal and lateral wall infarction. Further, the ECG diagnosis of lateral wall infarct does not correlate well with the anatomic location. Our study is in agreement with the Duke cooperative study in the ECG localization of infarct and further documents the need for more exacting ECG criteria for infarct localization.7 Detailed gross and microscopic infarct size was computed in 37 patients who died an average of 24 days after myocardial infarction (range 1-98 days). The total infarct size (sum of new and old) averaged 16 ± 1% of the left ventricular weight, of which 7 ± 2% was due to infarct more than 2 weeks old and 10 ± 1% was compatible with histologic evidence of necrosis less than 2 weeks old. There was an inverse relation between the percentages of old and new infarct ( fig. 3 ). This inverse relation might be expected in patients who died with equivalent hemodynamic im- Abbreviations: TP = true positive; FP = false positive; TN = true negative; FN = false negative. 41 VOL 63, No 1, JANUARY 1981 pairment from infarct size before the development of large new areas of infarct. Interestingly, the X/Y intercepts of the two axes are different. This suggests that patients with prior myocardial infarction died with total infarct size larger than patients who had only a first infarct. Consistent with this is the finding that when a history of myocardial infarction was present, there was a significantly larger total infarct size at autopsy (p < 0.005) (table 2). In these patients, there was more old infarct than new. In patients with no history of myocardial infarction, the total infarct size was reduced with a greater amount of new infarct.
Thus, a certain threshold of infarct size seems to be a major determinant of mortality for the disease. Previous studies have shown that certain clinical and hemodynamic variables correlate with clinical prognosis.8 These variables include age 60 years or older, heart rate > 90 beats/min upon presentation, systolic blood pressure less than 100 mm Hg/m2, pulmonary artery wedge pressure of 20 mm Hg, cardiac index < 2 I/i2, stroke volume index < 25 ml/m2 and arteriovenous 02 difference 5.6%. These variables did not, however, correlate with differences in infarct size at autopsy. Table 2 presents a comparison of infarct size at autopsy with selected variables of the history and physical examination. Patients with a history of angina had a larger area of old myocardial infarct (10%) at autopsy than patients without a history of angina (3%). In screening the patients for the presence of hypertension, history of congestive heart failure, history of underlying pulmonary disease, or cardiac risk factors, we were unable to uncover any differences in infarct size of these groups.
The relationship of infarct age and size at autopsy to selected variables during the course of admission was investigated (table 5) . The relationship of old to new infarct appeared to vary in certain situations. Patients requiring defibrillation had significantly larger amounts of old infarct present than those not requiring such therapy (p < 0.005). The patients with a history of digitalis use before the fatal infarction had an old infarct size of 9 ± 2%, compared with an old infarct size of approximately 1% in patients with no history of digitalis use.
Selected autopsy findings were examined to see whether their presence or absence could be correlated with changes in infarct size (table 6). The relationship of significant coronary artery narrowing in the major coronary arteries to infarct size was highly significant (p < 0.005). Three patients with less than 70% occlusion of all their coronary arteries had a total infarct size of 5 i 4%, compared with a total infarct size of 16.0% with one-and two-vessel disease and 23% in three-vessel disease (p < 0.01). Thus, patients with no significant vessel involvement had infarct sizes that were 21% of those in patients with three-vessel involvement. Patients who died with left ventricular aneurysm had a significantly smaller amount of new myocardial infarction and a greater amount of old myocardial infarction contributing to the total infarct 1No patient in this series had > 70% occlusion of all four major vessels. size. The patients with septal rupture formed a small group; nonetheless, they had a significantly greater amount of new myocardial infarct and had the smallest proportion of old myocardial infarction of any group identified in our series. Patients with left ventricular rupture not involving the septum also had significantly more new myocardial infarction.
Discussion
In this study, more than 200 clinical variables were analyzed at admission for myocardial infarction and compared with over 30 variables noted at autopsy in the same patients. The major finding is a close correlation between the size of myocardial infarct measured at autopsy and the number of coronary arteries with greater than 70% occlusion. Characteristics of the extent of vessel involvement and correlation with infarcts indicate that this population was representative of other autopsy series. 6' 9 In this patient population, representing all patients who died after myocardial infarction, there was a lack of correlation between postmortem infarct size and a variety of clinical data, including heart rate, systolic blood pressure, radiographic heart size, and the clinical class. Examination of subsets of patients indicated that patients with a history of myocardial infarction or with left ventricular aneurysm died with a larger infarct size than patients without these features. These data sug-gest that a larger total infarct is necessary to produce mortality in patients who have survived a previous myocardial infarct. The patients who died with a new infarct frequently had complications, such as left ventricular septal rupture. These patients died with new infarct sizes averaging 16%, compared with new infarct sizes of 8% in patients without septal rupture.
The pathologic features and complications of myocardial infarction in this study were similar to the findings of other reported series.6' 9012 The incidence of ventricular septal rupture and ventricular rupture is slightly higher than previously reported,10' 12 possibly because at least three patients in our series were referred because of the presence of a murmur consistent with a ventricular septal defect. Most of our patients had occlusion of a major coronary artery that supplied the region of infarct. The presence of multiple infarcts in patients with myocardial infarction has been discussed by Wartman and Hellerstein,13 who found a total of 235 myocardial infarcts among 160 cases of myocardial infarction. In our study, more than 50% of the patients dying with new infarcts had septal and anterior wall involvement. Old myocardial infarcts were frequently present in septal, anterior and posterior walls. The incidence of right ventricular infarct in this series was 15% (13 of 85), similar to the 14% incidence (22 of 160) found by Wartman and Hellerstein.13 Atrial infarcts were not found in the hearts in our series despite repeated close examination and extensive histologic sections of the atria. In con-43 VOL 63, No 1, JANUARY 1981 trast, Cushing et al.14 reported atrial infarcts in 17% of 182 cases. Since the studies of Mallory et al.,'5 endocardial mural thrombosis has been a frequent finding in patients dying of myocardial infarction. This finding was present in approximately 66% of our patients. While the right atrial thrombi and right ventricular thrombi could, to some extent, be related to the presence of Swan-Ganz catheters in these chambers, this would not explain the left atrial thrombi that were also present (table 6). The left ventricular thrombus would be related to the myocardial infarcts noted. The incidence of pericarditis at autopsy was 40%, with 18% having a pericardial effusion. As reported by Wartman and Hellerstein,13 rupture of the heart occurs in approximately 8% of the patients dying with myocardial infarction. This finding was present in approximately 11% of the cases in our series. In other reported series,'6 22% of the patients with myocardial infarction had ventricular aneurysms, compared with 28% of patients in our series. In the present series, the distribution of significant lesions of the coronary arteries was similar to that reported by Roberts and Buja.4 In our series, the incidence of left main coronary artery disease was approximately 10% and was more frequent than either right or left circumflex coronary artery disease.
Correlations with the extent of coronary artery disease at autopsy were carefully documented in 70 patients. Three of the 70 patients did not have significant occlusion of a coronary artery. This finding has been described in other series. 17 The mechanisms inducing infarction in such patients include coronary artery spasm, small-vessel disease, platelet aggregation, hemoglobinopathies, redistribution of coronary flow, and inadequate evaluation at autopsy. Two of these three patients had lesions less than 50% that were present on postmortem angiograms.
There was little correlation between the extent of vessel involvement and clinical variables. Thus, the number of vessels with greater than 70% occlusion was not increased in patients with risk factors such as hypertension, diabetes, lipid abnormality, family history, congestive heart failure and angina. The extent of coronary artery narrowing did not correlate with the Killip class on admission, length of survival after myocardial infarction or the heart weight at autopsy. Patients with a clinical history of two or more myocardial infarctions had a greater extent of vessel involvement, as would be expected. In patients who had autopsy measurement of ventricular size as well as documentation of coronary artery involvement, the infarct size at autopsy and the extent of coronary artery occlusion were significantly related (p < 0.01). Patients with the smallest infarct size who also have no or one-vessel involvement were among the patients who died of noncardiac causes, including pneumonia, pulmonary embolus, and cardiac arrhythmias. Thus, these patients did not die of cardiogenic shock. Had coronary angiograms been done while they were living, these patients might have been in the favorable prognostic group. Thus, in our patients, the most important single correlation with the extent of coronary artery disease was the infarct size at autopsy. Although risk factors did not indicate the extent of coronary artery disease, the patients who had these risk factors died at a younger age than patients who did not have these risk factors.
Limited correlations were made between the extent and location of myocardial infarctions and clinical variables. Of the 70 patients who had a clinical diagnosis of a definite myocardial infarction, only one did not have a myocardial infarction documented at autopsy. Sixty-one of the 85 patients in our series had ECG diagnoses of infarct location. The remaining patients had bundle branch block or a widened QRS pattern, which made diagnosis of the infarct location impossible. Only in patients with anterior myocardial infarction was the infarct localized reliably by ECG. Patients who had septal, lateral or posterior myocardial infarcts were poorly diagnosed. This inability of standard ECG criteria to accurately localize myocardial infarcts further documents the need for new electrocardiographic criteria or alternate noninvasive methods for infarct localization.7
Myocardial rupture occurred in several of our patients. This complication usually occurs in older patients, most frequently during the first week after myocardial infarction. In our study, 14 patients with left ventricular or septal rupture were evaluated for infarct size. The new infarct size in patients with left ventricular rupture was greater than the new infarct size in the 30 patients without ventricular rupture (1 6% vs 18%, p < 0.01). In the five patients with septal rupture, there was also a greater amount of new infarct than in patients who did not have a septal rupture (17% vs 9%, p < 0.05). These patients had the highest percentage of new myocardial infarct and the lowest percentage of old myocardial infarct. These data suggest that compensatory hypertrophy and fibrosis could prove beneficial in reducing the incidence of myocardial rupture and point to the need for methods that limit infarct size to reduce the incidence of myocardial rupture.
The relationship between the occurrence of proportions of old and new myocardial infarct suggests several clinical correlates. In contrast to patients who had ventricular or septal rupture, patients with ventricular aneurysms who were studied at autopsy had the highest extent of old myocardial infarct of any subset of patients and died with the smallest additional amount of new myocardial infarct. Patients with a history of prior myocardial infarction also clearly had large areas of old myocardial infarct at autopsy. In our series, one-third of the patients had a history of prior myocardial infarction, but two-thirds of the patients had an old myocardial infarct at autopsy. In addition, patients with a history of digitalis use had a significant increase in the extent of old myocardial infarct, as would be expected in patients treated for left-heart failure. The finding of significantly more old myocardial infarct in patients who died with ventricular fibrillation or who required defibrillation and had ventricular tachycardia also indicates a relationship between the severity of coronary artery dis-ease, the extent of prior infarction and the frequency of complex arrhythmias. A role of old myocardial infarction and fibrosis in the genesis of ventricular arrhythmias has been suggested by others. 18 The concept of infarct size as a determinant of survival has been suggested based on studies in both animals and in man.'9 Studies in man suggest that infarct sizes of 30-40% of the left ventricular mass are ultimately fatal. 20 21 In our series, the average infarct size was approximately 20% of total heart weight (excluding patients dying of noncardiac causes), which is equivalent to a left ventricular mass of about 30%. Further, there is an inverse relationship between the extent of old myocardial infarct at autopsy and the extent of new myocardial infarct. Such results are also compatible with the concept that a limited total amount of infarct size permits survival. Thus, excluding patients who died of noncardiac causes or who were not treated for cardiogenic shock with balloon counterpulsation or prolonged vasopressor therapy, the infarct size concept suggests that patients die when the infarct size results in an equivalent amount of hemodynamic depression. This would be independent of the age of the infarct and suggests that patients with large old infarcts would have smaller new infarcts and vice versa. This concept is supported by the data presented in figure 3 .
In our patients, infarct size did not correlate with clinical variables previously correlated with survival,8 including heart rate, systolic blood pressure, radiographic heart size, and Killip class on admission. In contrast, an important relation was determined between the extent of infarct size and the extent of coronary artery disease at autopsy. Other important correlations were made with the presence of left ventricular aneurysm, myocardial rupture and prior history of myocardial infarction.
In conclusion, our data support the concept that there is a threshold value for infarct size that is incompatible with life and results in irreversible hemodynamic deterioration before death. Our data suggest that infarct size closely correlates with the extent of coronary atherosclerosis and not with clinical variables associated with poor prognosis in unselected populations of myocardial infarction patients. The use of autopsy infarct size has a number of limitations in human studies, but, nevertheless, provides an important tool for validating methods of reducing infarct size and may point to interesting relationships between the extent of old or new myocardial infarction and clinically important cardiac conditions and complications.
